The quantitative method is based on a real-time PCR (PerkinElmer Applied Biosystems, ABI Prism 7700), with allele-specific primers for DNA sequences containing single nucleotide polymorphisms (SNPs) and target DNA-specific probes.
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The nonextendible hybridization probes are labeled with a reporter fluorescent dye at the 5 0 end and a quencher at the 3 0 end, which results in a fluorescence signal after cleavage by 5 0 -3 0 nuclease activity of Taq polymerase. A charge-coupled device camera attached to ABI Prism 7700 detects target-specific signals at a threshold of 10 standard deviations above the baseline fluorescence. Normalized signals minus baseline signals of the reporter dyes (DR n ) are plotted against PCR cycle numbers, which results in a logarithmic amplification function. The cycle number of DNA amplification that generates the first specific fluorescence signal (DR n ) above the threshold is called cycle threshold (C t ). Therefore, C t represents directly the relative amount of target DNA in the analyzed samples.
Allele-specific amplification revealed that each biallelic SNP acts as a specific marker in 24-50% of 80 sibling pairs. The discriminative capacity of each SNP marker depends on the frequency of the SNPs in the human population. Calculation of the percentage donor and recipient cells is based on the relation of specific amplification signals from both recipient and donor DNA to specific amplification signals obtained by calibration curves for both recipient and donor markers. The amount of input DNA is simultaneously calibrated by amplifying a DNA fragment of the albumin gene.
Protocol

DNA preparation
Genomic DNA is isolated from PBMC, purified hemopoietic cell populations, and EBV-transformed B cells with a QIAamp DNA Blood Mini Kit (Qiagen, Hilden, Germany) following the protocol of the kit. Samples 450 000 cells are eluted with 200 ml and DNA concentrations are determined by spectrophotometry. Samples r50 000 cells are eluted with 2 Â 25 ml. DNA and the amount of input DNA is only determined by realtime PCR of the albumin gene.
DNA from four EBV-transformed B cell lines that contain all 14 SNP alleles are used as calibrators. Aliquots (20 ml) of DNA dilutions, containing 100, 30, 10, 3, 1, 0.3, 0.1 and 0.03 ng/ml, are stored at À801C. In total, 5 ml of these dilutions are amplified by allele-specific real-time SNP-PCR and by the albumin genespecific real-time PCR to construct calibration curves. 3 
PCR
Taqman-based real-time PCR for each of the SNPs, SMCY and albumin has been performed in a total volume of 50 ml with 1 Â PE sample buffer, 1.25 U of DNA polymerase (AmpliTaq GoldTM, Perkin-Elmer), 250 mM dNTP, primers at 300 nM, and TET-labeled probes at 100 nM. Hot start Taq polymerase is activated for 10 min at 951C. DNA is amplified for 45 cycles. Screening of recipient and donor DNA with all SNP-specific PCR occurs in one run at an annealing/ extension temperature of 601C. Allele-specific primers for PECAM1 and G42863; G42888 are modified for this application (Table 1 ). Annealing and extension of quantitative PCR (calibration curves and test samples) takes place for 60 s at a temperature optimum dependent on the primer sets used (Table 1) . Annealing and extension is followed by denaturation for 15 s at 951C.
Analysis of PCR products
Amplification curves are constructed by plotting PCR cycle number versus target-specific fluorescence signals of the reporter dye (DR n ). The cycle number that generates the first fluorescence signal (DR n ) above the threshold is called cycle threshold (C t ) and represents the relative amount of input target DNA.
Quantification of donor chimerism
Quantitative analysis is performed by generating calibration functions from C t obtained by real-time PCR of DNA serially diluted in water (500-0.05 ng) isolated from cell samples bearing SNPs. Simultaneously, allele-specific target DNA (SNP) and DNA encoding the non polymorphic albumin sequence are amplified. The calibration functions are
in which a is the slope of the curve and b is the intercept with the y-axis. where y 1 is the C t sample, amplified by allele-specific SNP-PCR, y 2 is the C t sample, amplified by albumin PCR, b 1 is the intercept with the y-axis of allele-specific SNP-PCR calibration curve, b 2 is the intercept with the y-axis of albumin PCR calibration curve, a 1 is the slope of the curve of allele-specific SNP-PCR calibration curve, and a 2 is the slope of the curve of albumin PCR calibration curve. The slope of all calibration curves is -3.3 (70.2). The detection limit for each individual sample is dependent on the C t of albumin PCR (y 2 ) and the intercept with the y-axis of allelespecific SNP-PCR (b 1 ) and the amount of template DNA: the intercept with the y-axis of albumin PCR (b 2 ). Table 1 shows the detection limits for all SNP-PCR using a cut-off level at C t 435 cycles.
Time requirement
Screening test to discriminate recipient from donor DNA Total time: 3.5 h; hands-on time: 1.5 h. The time indicated represents the total time required for DNA isolation and PCR preparation, assuming 30 min hands-on time for DNA isolation of the cell samples of one recipient donor pair. We use ready-touse PCR master mix in optical tubes that are stored at À201C for all allele-specific SNP-PCR. Preparing the master mix for eight recipient/donor pairs takes about 3 h. One real-time PCR run (45 cycles) takes 2 h. Analysis of the data of the screenings assay of eight recipient/donor pairs takes 1 h. Combining a number of recipient/donor pairs in one assay reduces the time considerably.
Quantitative chimerism analysis of sorted cell samples 
Sensitivity
We include a cut-off level at c t 35 since we observed that calibration curves are not always linear when very low amounts of target DNA are amplified. This results in a sensitivity of X0.01% when the signal of SNP-positive DNA (100%) reaches the threshold p23 cycles and the background amplification of the negative allele reaches threshold after 35 cycles (DC t ¼ 12). This is reached by an input of about 500 ng DNA. Roughly, DC t of three cycles represents a 10-fold quantitative difference, fulfilling the condition that the slope of the calibration function closely fits -3.3. Therefore, using smaller amounts of input DNA, eg 50 ng, will decrease the sensitivity to X0.1%. In contrast, higher amounts of input DNA will result in higher sensitivity for all SNP-PCR that show low background amplification. Related to the first nucleotide of the forward primer.
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Specificity/informativeness
Aspecific amplification with the developed real-time PCR to specifically amplify SNP is not observed. Amplification of DNA containing the negative SNP alleles is below the cut-off level (C t 435 cycles). The capacity of biallelic polymorphic markers to discriminate siblings is calculated from published SNP frequencies. We select SNP markers that allow discrimination between recipient and donor in 30% of sibling pairs. The DNA of 80 sibling pairs is analyzed for all seven SNP markers by real-time PCR. The SNP marker in G42888 is most efficient and identifies recipient or donor cells in 50% of sibling pairs. SNP markers in ICAM1, SUR1, PECAM1, G42863 and HA1 identify donor or recipient cells in 47, 44, 46, 45 and 32% of sibling pairs, respectively. However, the SNP marker in MLH1 is significantly less efficient than calculated from published genotype frequencies (24 vs 44%) due to discrepancy in genotype frequencies in the analyzed populations. Combining of all seven biallelic SNPs results in genotype-specific markers for recipient or donor in 97% of sibling pairs. Two-way discrimination (recipient and donor) is feasible in 67% of sibling pairs by the use of two SNP markers. The determination of both the percentage recipient and donor cells improves significantly the sensitivity and accuracy of the method.
Reproducibility/accuracy
Reproducibility is high; the variability of independent analyses in general does not exceed the deviation of these samples. To exclude trivial errors, all sample analyses are performed in duplicated wells. Standard errors of calibration curves (DY) obtained from C t of at least eight dilutions do not exceed 0.2 cycle. The deviation of C t obtained by real-time PCR is independent of the concentration target DNA for at least 20pC t p35. Therefore, accuracy (Dx) is directly related to the concentration and can be calculated by the regression curve (y ¼ a Using a maximal Dy (Dy calibration curve+Dy sample ¼ 0.4) and slopes of -3.1, the maximal deviation can be calculated and reveals that Dx ¼ À0.26x and +0.30x. Table 2 shows the calculated confidence intervals for percentages between 100 and 0.1.
In summary, due to the logarithmic amplification by PCR, small percentages of target DNA can be accurately defined. Absolute confidence intervals between 0.25% (À0.065 and +0.075) and 0.5% (À0.13 and +0.15) will be statistically significant. However, high percentages of target DNA have high absolute confidence intervals (eg a measured value of 25% is at least between 18.5 and 32.5% target DNA and a measured value of 75% is at least between 55.5 and 100% target DNA).
Cost of the assay
The overall cost per analysis is dependent on the total number of analyses performed. The numbers indicated are based on one blood sample, of which both myeloid and lymphoid cells are analyzed. Normally, more samples are combined in one assay, which reduces assay cost considerably. (1) Low signal after amplification of reference DNA DNA concentration too lowFIncrease the amount of input DNA.
(2) Slope calibration curves not between -3.1 and -3.5 or standard error 40.2 cycles Bad quality of input DNAFUse another DNA batch for the generation of calibration curves.
(3) Differences between C t of two-fold repeated samples 40.2 cycles Always due to trivial errors (polluted tube, no DNA input in one tube etc) F Repeat PCR.
(4) C t of negative DNA (DNA that only contain the negative allele) o33
Input of too high a concentration of DNA as shown by a low C t of albumin PCRFDecrease the amount of input DNA.
PCR conditions not optimal as shown by normal C t of albumin PCRFChange PCR conditions. 
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